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PERSPECTIVES
Five Classic Articles in Genetic Epidemiology
Andrew T. DeWan, PhD
Yale School of Public Health, New Haven, Connecticut
The relatively new field of genetic epidemiology has witnessed some exciting leaps forward
in our quest to understand the population and familial nature of genetic inheritance. We
have witnessed the mapping of thousands of genetic loci contributing to both mendelian
and complex diseases, and new high-throughput, low-cost sequencing technologies promise
to uncover even more. Here I highlight five publications that have shaped how we think
about and conduct the task of unraveling the genetic causes of disease on a population
scale.
The application of epidemiological
principles to human genetic studies was
first discussed by Neel and Schull [1]. In a
relatively brief time span, genetic epidemi-
ology has been defined and redefined by
practitioners with diverse backgrounds, but
two important concepts underlying genetic
epidemiology have emerged: 1) the study
of the etiology of disease among groups of
relatives to unravel the cause of family re-
semblance; and 2) the study of inherited
causes of disease in populations [2].
The essence of a modern genetic epi-
demiologist’s work is to assess the nature
of genetic inheritance within populations
and families, utilizing traditional epidemi-
ology, statistical genetics, human genetics,
and population genetics. In selecting the
following papers, I sought work that, more
than highlighting any one gene discovery,
pushed forward our ability to make these
discoveries. These papers have greatly in-
fluenced how we think about and conduct
the task of unraveling the genetic causes of
disease. These include: 1) the description
of the logarithm of odds (LOD†) score for
a sequential test of linkage in multiple fam-
ilies [3]; 2) the first report of a generally
available computer program to perform
linkage analysis [4]; 3) a theoretical paper
that made the case for applying association
mapping to identify the genetic basis of
complex diseases [5]; 4) the report that sig-
nified the initial completion of the public
human genome project [6]; and 5) the first
report of a successful genome-wide associ-
ation study using SNP markers [7].
MORTON, NE. SEQUENTIAL TESTS
FOR THE DETECTION OF LINKAGE.
AM J HUM GENET. 1955;7(3):277-
318.
The study of phenotypic variation due
to inherited genetic variation intuitively
leads one directly to the family as the unit
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bination events between genotype and phe-
notype in a pedigree is the ideal method for
assessing linkage to a particular genetic
locus in a pedigree, incomplete data and un-
known genetic model parameters make this
method inefficient. Early statistical ap-
proaches to conduct linkage analysis tended
to have limited applications in terms of pedi-
gree size and/or were laborious to apply be-
fore the advent of computer programs to do
so. Morton introduced the LOD score
method for computing linkage. LOD scores
have the property of being additive and,
thus, can be applied to multiple families sub-
sequently summed to test for linkage over a
number of independent families. Over the
past 50 or so years, numerous extensions
and modifications have been made to Mor-
ton’s original LOD score method, but this
paper laid the foundation for how we con-
tinue to conduct linkage analysis today.
OTT J. ESTIMATION OF THE
RECOMBINATION FRACTION IN
HUMAN PEDIGREES: EFFICIENT
COMPUTATION OF THE
LIKELIHOOD FOR HUMAN
LINKAGE STUDIES. AM J HUM
GENET. 1974;26(5):588-97.
TheLIPEDcomputerprogramdescribed
in this paper was the first widely available
programforconductinggeneticlinkagestud-
ies.Untilthispoint,researchersreliedprima-
rily on published LOD score tables to assess
linkage. The publication of LIPED added a
newtooltothegeneticepidemiologist’stool-
box: the computer. This program imple-
mented the Elston-Stewart algorithm [8] for
computing the likelihood in general pedi-
grees, allowing researchers to compute LOD
scores in general pedigree with few excep-
tions.Whilethiswasnotthefirstefforttoex-
ploit computers to conduct linkage analysis,
this was the first program that was both
portable and could compute likelihoods in
more than two generation pedigrees.The use
of computer programs, most freely available
and written by scientists in the field, to ana-
lyze genetic data has become an invaluable
tooltothegeneticepidemiologist,withnearly
500programscurrentlyavailable(http://link-
age.rockefeller.edu/soft/list.html).
RISCH N, MERIKANGAS K. THE
FUTURE OF GENETICS STUDIES OF
COMPLEX HUMAN DISEASES.
SCIENCE. 1996;273(5281):1516-7.
Geneticists had been incredibly suc-
cessful at identifying genetic loci for single-
gene Mendelian diseases through linkage
analysis but struggled to identify loci for
traits with more complex inheritance pat-
terns such as schizophrenia and diabetes. In
this seminal paper, the authors demonstrate
that for a locus with a genotypic risk ratio
(GRR) of 1.5 (the high end of the range of
GRRs observed in current studies of com-
plex traits) and a disease allele frequency
greater than 10 percent, 37 to 72 times more
families were needed to detect significant
linkage compared to tests of association.
This paper resulted in a shift in thinking
from linkage to association studies for com-
plex traits likely resulting from multiple loci
each with modest effects. The major limita-
tion to this approach that the authors noted
was the lack of known polymorphisms
needed to interrogate the entire genome for
association, which they estimated to be
100,000 to 1 million. However, the requisite
number of markers in the form of single-nu-
cleotide polymorphisms (SNPs) and the
ability to both rapidly and cheaply genotype
them would become available in less than 10
years from the publication of this paper,
leading to myriad successful genome-wide
association studies for complex diseases.
LANDER ES, LINTON LM, ET AL.
INITIAL SEQUENCING AND
ANALYSIS OF THE HUMAN
GENOME. NATURE. 2001;409(6822):
860-921.
The sequencing of the entire human
genome had long been discussed in the ge-
netics literature. The complete sequence of
the human genome revolutionized not only
genetic epidemiology, but all of human ge-
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which all other human genome sequences
could be compared. A much more accurate
estimate of the total number of genes in the
human genome was made of approximately
25,000 genes, much smaller than the
100,000 estimated in the years leading up to
the complete sequence. For the genetic epi-
demiologist, this meant that more markers
were available than ever before for the iden-
tification of genomic regions harboring dis-
ease susceptibility loci. More genomic
annotation information was accessible to
easily discover which genes were contained
in linkage regions. I chose the publication
announcing the completion of the public
project because this project made its data
freely available as it was generated, but I
also must recognize the private sequencing
effort that was published at the same time
[9]. This sequencing effort took a com-
pletely different and faster whole-genome
shotgun sequencing approach that in some
ways pushed the public effort to finish faster.
While the privately sequenced genome re-
quired an expensive subscription to gain full
access to the fully annotated data, the se-
quencing approach they took built the foun-
dation for whole-genome sequencing that is
used today. However, it was the freely avail-
able nature and constantly improving anno-
tation of the public project that makes it a
giant step forward for everyone in the genet-
ics community.
OZAKI K, OHNISHI Y, ET AL.
FUNCTIONAL SNPS IN THE
LYMPHOTOXIN-ALPHA GENE THAT
ARE ASSOCIATED WITH
SUSCEPTIBILITY TO MYOCARDIAL
INFARCTION. NAT GENET.
2002;32(4):650-4.
This is the first report of a genome-wide
association study that successfully identified
a function variant associated with a disease,
in this case a coding change in lymphotoxin-
alpha associated with myocardial infarction.
However, this study was more important
than simply identifying a genetic variant for
myocardial infarction; it was the first
demonstration that the long discussed
genome-wide association study (GWAS)
was viable. The study involved genotyping
>92,000 SNPs, more markers than had ever
been genotyped in an association study,
using a multiplex PCR-based assay, the
order of magnitude of markers that was
mentioned by Risch and Marikangas when
they discussed the current limitations to con-
ducting true genome-wide association stud-
ies in the mid-1990s. While this was a
significant advance, the genotyping of hun-
dreds of thousands of SNPs in this manner is
a daunting task. Over the next several years,
microarray technology, generally used for
gene expression assays, was adapted to con-
duct truly high-throughput whole genome
SNP genotyping [10,11,12]. Then, in 2005,
we saw the first publication of a GWAS, this
time identifying a functional mutation in
complement factor H associated with age-
related macular degeneration [13], which
used this new microarray technology. This
has led to a flood of GWAS with loci being
mapped for a diverse set of diseases, includ-
ing diabetes, Crohn’s disease, asthma, and
glaucoma. Current microarrays are now able
to genotype up to 1 million SNPs. This has
forced the genetic epidemiology and statis-
tical genetics communities to develop new
analytical techniques to deal with this vast
amount of data and allow us to realize its full
potential. As we continue to explore these
enormous GWAS datasets, the field contin-
ues to quickly advance, and now we are wit-
nessing the first set of whole-genome
sequencing studies that have identified sev-
eral medically relevant rare loci [14,15,16],
an exciting development that promises to
further hone our ability to detect genetic loci
contributing to heritable diseases within the
population.
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